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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an antenna 
unit for hlghfrequency use, and more particularly, it re- 
lates to an antenna unit whose resonance frequency is 
switchable so that the same can be employed in a plu- 
rality of frequency bands. 

Description of the Background Art 

[0002] A smaller antenna unit is required for a mobile 
communicator. An inverted-F antenna unit is known as 
a miniature antenna unit which is applied to such use. 
[0003] An exemplary inverted-F antenna unit is de- 
scribed in "Small Antennas" by K. Fujimoto, A. Hender- 
son, K. Hirasawa and J. R. James, Research Studies 
Press Ltd., England. An example of such an inverted-F 
antenna unit is now described with reference to Fig. 1 . 
Referring to Fig. 1 , an inverted-F antenna unit 1 has a 
rectangular metal plate 2 which serves as a radiating 
part. One side edge of the metal plate 2 is bent to be 
perpendicular to the metal plate 2, thereby forming a 
ground terminal 3. Another side edge of the metal plate 
2 is also partially bent to form a feed terminal 4. 
[0004] Due to the aforementioned structure, it is pos- 
sible to mount the inverted-F antenna unit 1 on a printed 
circuit board by inserting the ground terminal 3 and the 
feed terminal 4 in through holes which are provided in 
the printed circuit board. 

[0005] In each of conventional miniature antennas in- 
cluding the aforementioned inverted-F antenna unit, 
however, its bandwidth is so insufficient that the same 
can cover only a transmission or receiving side frequen- 
cy band in application to a mobile communicator. When 
frequency bands Tx and Rx of transmission and receiv- 
ing sides are separated from each other by a frequency 
A in Fig. 2 in a portable mobile communicator, a single 
antenna unit must have a bandwidth B shown in Fig. 2, 
to enable transmission and receiving. However, the con- 
ventional miniature antenna unit , cannot satisfy such a 
bandwidth B. 

[0006] In a system provided with transmission and re- 
ceiving sides having the same frequency bandwidth 
such as PHP (personal handy phone), it is possible to 
cover both of transmission and receiving frequencies 
with the conventional miniature antenna unitfor a mobile 
communicator. However, there has been no miniature 
antenna unit which can cover both of transmission and 
receiving frequency bandwidths in a system provided 
with different transmission and receiving frequencies. 
[0007] Thus, development of a miniature antenna unit 
whose resonance frequency is switchable has been 
awaited. 

[0008] A know microstrip antenna (US 4,475,108) 



comprises a generally rectangular non-conducting base 
element, the radiating el m nt provided on a major sur- 
face of the base element and a ground plane provided 
on the other major surface of the base element. A met- 

5 allized feeding pin pass s through th radiating ele- 
ment, the base element and the ground plane and is 
connected to a signal conductor. This microstrip anten- 
na has a varactor diode to vary the resonant frequency 
of the antenna by a DC bias voltage. This varactor diode 

10 is connected directly between the radiating element and 
the ground plane and placed within the base element. 
Thus, the varactor diode is connected in parallel to the 
antenna capacitor consisting of the radiating element 
and the ground plane. 

is [0009] To vary the capacitance of the varactor diode 
a reverse bias voltage is combined with the exciting sig- 
nal supplied to the antenna via the transmission con- 
ductor connected to the feeding pin. 

20 SUMMARY OF THE INVENTION 

[001 0] The object of the present invention is to provide 
an antenna unit employing a miniature antenna having 
a relatively small bandwidth, whose resonance frequen- 
25 cy is switchable. 

[0011] This object is obtained by the antenna accord- 
ing to claim 1 . 

[001 2] According to the present invention, the capac- 
itance of the capacitance means is changed by the 

30 switching means. Therefore, the capacitance of the ca- 
pacitance means which is added to the electrostatic ca- 
pacitance provided between the antenna body and the 
ground potential in a parallel manner is switched. On the 
other hand, the resonance frequency of the antenna unit 

35 is decided by the inductance value of an inductance 
component of the antenna body and the value of the ca- 
pacitance between the antenna body and the ground 
potential. In the antenna unit according to the present 
invention, the capacitance of the capacitance means is 

40 changed by the switching means, whereby the reso- 
nance frequency of the antenna unit is switched. Fur- 
ther, the capacitor of the capacitance means is adapted 
to prevent a current which is supplied from the switching 
means from flowing toward the antenna body. 

45 [0013] Also when the antenna body is formed by a 
miniature antenna having a small bandwidth, therefore, 
the inventive antenna unit can be properly applied to a 
system having different transmission and receiving fre- 
quencies since its resonance frequency is switchable. 

so [0014] According to another specific aspect of the 
present invention, the element whose own capacitance 
is changed is formed by a diode, and the switching 
means is formed by a voltage supply circuit for supply ing 
a node between the capacitor and the diode with a first 

55 or second voltage for bringing the diode into an ON or 
OFF state. According to this structure, the diode enters 
a conducting state when the same is brought into an ON 
state, whereby the capacitance component of the over- 
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all antenna unit is decided by a capacitance which is 
obtained by connecting the electrostatic capacitance 
provided between the antenna body and th ground po- 
tential in parallel with the capacitance of the capacitor. 
When the diode is brought into an OFF state, on the oth- 
er hand, the electrostatic capacitance of the diode itself 
is added in series with the capacitor. Therefore, the ca- 
pacitance of the overall antenna unit is decided by a ca- 
pacitance which is obtained by connecting the electro- 
static capacitance provided between the antenna body 
and the ground potential in series with a series capaci- 
tance of the capacitor and the diode. Thus, the reso- 
nance frequency of the antenna unit is switched by 
bringing the diode into an ON or OFF state. 
[0015] According to still another specific aspect of the 
present invention, the capacitance means has a first ca- 
pacitor, a diode which is connected in series with the 
first capacitor and a second capacitor which is connect- 
ed in series with the diode, and the switching means is 
formed by a voltage supply circuit which is so structured 
as to supply a first node between the first capacitor and 
the diode and a second node between the diode and the 
second capacitor with voltages being different in polarity 
from each other while capable of inverting the voltages 
supplied to the first and second nodes in polarity. Ac- 
cording to this structure, the voltages which are supplied 
to the first and second nodes are inverted in polarity to 
bring the diode into an ON or OFF state, thereby switch- 
ing the resonance frequency of the antenna unit. 
[0016] The antenna body employed for the inventive 
antenna unit can be formed by a well-known rod anten- 
na or the inverted-F antenna, while the same is prefer- 
ably formed by an antenna body comprising a dielectric 
substrate, a ground electrode which is formed on at least 
one of a side surface and a bottom surface of the die- 
lectric substrate, a radiator, consisting of a material hav- 
ing low conductor loss, which is so fixed to the dielectric 
substrate that its one major surface is opposed to an 
upper surface of the dielectric substrate, and a feed part 
which is provided on at least one of a side surface and 
a bottom surface of a laminate formed by the dielectric 
substrate and the radiator. 

[0017] More preferably, the radiator comprises a radi- 
ating part having a rectangular plane shape, and at least 
one fixed part extending from at least one side edge of 
the radiating part toward the dielectric substrate, so that 
the at least one fixed part is fixed to the side surface of 
the dielectric substrate, thereby fixing the radiator to the 
dielectric substrate. Further preferably, a space of a pre- 
scribed thickness is defined between the radiating part 
and the upper surface of the dielectric substrate, thereby 
improving the gain of the antenna body. Further prefer- 
ably, the capacitance means are formed in the dielectric 
substrate and in the space of a prescribed thickness. 
[0018] The foregoing and other objects, features, as- 
pects and advantages of the present invention will be- 
come more apparent from the following detailed de- 
scription of the present invention when taken in conjunc- 



tion with the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 
s [0019] 

Fig. 1 is a perspective view showing a conventional 
inverted-F antenna; 

Fig. 2 is atypical diagram for illustrating a bandwidth 
io required for an antenna in a system provided with 
different transmission and receiving frequencies; 
Fig. 3 is a schematic block diagram showing an an- 
tenna unit according to the present invention; 
Fig. 4 is a circuit diagram of an antenna unit accord- 
's ing to a first embodiment of the present invention; 

Fig. 5 is a perspective view showing a radiator 
which is employed in the first embodiment of the 
present invention; 

Fig. 6 is a perspective view showing a principal part 
20 of the antenna unit according to the first embodi- 
ment of the present invention; 
Fig. 7 is a partially fragmented sectional view for il- 
lustrating a capacitor which is formed in a dielectric 
substrate shown in Fig. 6; 
25 Fig. 8 is a perspective view showing the appear- 
ance of the antenna unit according to the first em- 
bodiment of the present invention; 
Fig. 9 illustrates reflection loss-frequency charac- 
teristics of the antenna unit according to the first em- 
30 bodiment of the present invention; 

Fig. 10 is a circuit diagram of an antenna unit ac- 
cording to a second embodiment of the present in- 
vention; and 

Fig. 11 is a circuit diagram of an antenna unit ac- 
35 cording to a third embodiment of the present inven- 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

40 

[0020] Fig. 3 is a schematic block diagram showing 
an antenna unit according to the present invention. This 
antenna unit comprises an antenna body 11 having a 
feed terminal F, capacitance means 12 which is con- 

45 nected to the antenna body 1 1 , and switching means 13 
for switching the capacitance of the capacitance means 
1 2. The antenna body 1 1 has a feed part 1 4, and a part 
1 5 which is connected to the ground potential. As shown 
in Fig. 3 in a broken line, the antenna body 11 has a 

so capacitance C, between the same and the ground po- 
tential. This capacitance is formed by a distributed 
capacitance provided between a capacitor element 
which is built in the antenna body 1 1 as described later 
in a concrete embodiment and/or the antenna body 11 

55 and the ground potential. 

[0021 ] The capacitance means 12, which is connect- 
ed between the antenna body 1 1 and the ground poten- 
tial, is connected in parallel with the capacitance C t . The 
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capacitanc means 1 2 is adapted to add a capacitance 
to the capacitance in a parallel manner, while its own 
capacitance can be switched by the switching means 
13. Therefor , the total electrostatic capacitance be- 
tween the antenna body 11 and the ground potential in 
this antenna unit is switched by switching the capaci- 
tance of the capacitance means 12 by the switching 
means 13. 

[0022] In the antenna unit according to the present in- 
vention, therefore, it is possible to switch the resonance 
frequency by switching the capacitance of the capaci- 
tance means 12 by the switching means 13, whereby 
the antenna unit is employable in a plurality of band- 
widths. 

[0023] Fig. 4 is a circuit diagram showing a concrete 
embodiment of the inventive antenna unit shown in Fig. 
3. 

[0024] According to this embodiment, an antenna 
body 11 has a distributed inductance component L-, of 
a part radiating electromagnetic waves, an impedance 
adjusting distributed inductance component L 2 , and an 
electrostatic capacitance C 1 . The capacitance C, is that 
provided between the antenna body 11 and the ground 
potential. The antenna body 1 1 may be provided therein 
with a capacitor element which is connected between 
the same and the earth potential for adjusting the reso- 
nance frequency, and the capacitance of this capacitor 
element also forms the capacitance C, in this case. 
When the antenna body 11 is provided with no such ca- 
pacitor element, however, the capacitance C, is formed 
by a distributed capacitance between the antenna body 
11 and the earth potential. 

[0025] A capacitor C 2 and a diode are connected 
in series between the antenna body 11 and the earth 
potential. The capacitor C 2 and the diode D, form the 
aforementioned capacitance means 12. As clearly un- 
derstood from Fig. 4, a capacitance formed by the ca- 
pacitor C 2 and the diode D-, is connected in parallel with 
the capacitance C, provided in the antenna body 11 . 
[0026] A resistance is connected between a node 
1 6 between the capacitor element C 2 and the diode D 1t 
and an input terminal 1 7. Another resistance R 2 is con- 
nected between an end portion of the resistance R-) 
which is opposite to that close to the input terminal 17 
and the earth potential. The resistances R, and R 2 are 
adapted to divide a pulse voltage which is supplied from 
the input terminal 17, for supplying the node 16 with a 
pulse voltage of a proper value. 

[0027] The pulse voltage which is supplied to the node 
16 is set with reference to a threshold voltage of the di- 
ode D 1 , so that the diode enters an ON state when 
the same is at a high level while the diode D, enters an 
OFF state when the same is at a low level. Further, the 
values of the resistances R 1 and R 2 are so selected as 
to supply the node 16 with the aforementioned pulse 
voltage for bringing the diode into an ON or OFF 
state. 

[0028] The input terminal 1 7 is connected with a trig- 



ger pulse power source (not shown), to be supplied with 
the pulse voltage from this power source. 
[0029] An operation of switching the resonance fre- 
quency in the antenna unit according to the embodiment 

s shown in Fig. 4 is now described. 

[0030] Assuming that L 1 and Lg represent inductance 
values of the inductance components and L 2 , and C| 
represents the capacitance value of the capacitance O, , 
the resonance frequency f 0 of the antenna body 11 hav- 

io ing the inductance components L, and L 2 and the ca- 
pacitance C 1 is expressed as follows: 

/„ = 1/{2tc JC, (Tj + L 2 )} (1) 

15 

Thus, it is understood possible to move the resonance 
frequency f 0 by adjusting the capacitance C v 
[0031] On the other hand, the capacitor C 2 and the 
diode D 1 are connected to the antenna body 1 1 accord- 

20 ing to this embodiment. Further, the capacitance means 
12 which is formed by the capacitor C 2 and the diode 
D 1 is supplied with the pulse voltage through the resist- 
ances R 1 and R 2 . When a high-level voltage is supplied 
from the input terminal 17, therefore, the diode D, is 

25 brought into an ON state, to enter a conducting state. 
Assuming that C 2 represents the capacitance value of 
the capacitor C 2 , therefore, the resonance frequency 
f ON of the antenna unit expressed as follows, when the 
diode D 1 is in an ON state: 



f ow =1/{2 7C 7(C 1 + C 2 )(L 1 + L 2 )} 

[0032] When a low-level voltage is applied from the 
35 input terminal 17, on the other hand, the diode D 1 enters 
an OFF state. Assuming that C D represents the electro- 
static capacitance of the diode D n which is in a noncon- 
ducting state, the capacitance C x of the portion forming 
the capacitance means 12 is expressed as follows: 

40 

C x = CzC^Cz+Co) (2) 

Therefore, the resonance frequency f OFF of the antenna 
45 unit is expressed as follows, when the diode D., is in an 
OFF state: 



foFF= 1/ {2« 7(C, + CX) (L, + L 2 )} (3) 

50 

[0033] Namely, only the capacitor C 2 is connected in 
parallel with the capacitance C, when the diode D., is 
brought into an ON state. Thus, the overall electrostatic 
capacitance of the capacitance means 1 2 which is con- 
5 5 nected in parallel with the capacitance is increased, 
and the overall resonance frequency is reduced. 
[0034] When a low-level voltage is supplied from the 
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input terminal 17, on the other hand, th diode D, is 
brought into an OFF state, and the capacitance C x is 
connected in parallel with the capacitance C v There- 
fore, the capacitance of the capacitance means 12 
which Is connected in parallel with the capacitor C, is 
reduced and the resonance frequency of the antenna 
unit is increased. 

[0035] In the antenna unit according to this embodi- 
ment, therefore, its resonance frequency Is switched 
when the aforementioned high- or low-level voltage is 
applied from the input terminal 17. 
[0036] In a system provided with different transmis- 
sion and receiving frequencies, the transmission fre- 
quency is generally set in a frequency region which is 
lower than that for the receiving frequency, since an am- 
plifier for obtaining an output necessary for transmission 
can be more easily designed on a lower frequency side 
as compared with a higher frequency side. In the anten- 
na unit according to this embodiment, therefore, a high- 
level voltage is preferably supplied from the input termi- 
nal 1 7 in transmission, to bring the diode D, into an ON 
state. In receiving, on the other hand, a low-level voltage 
is supplied to the input terminal 17, to bring the diode 
D 1 into an OFF state. 

[0037] As hereinabove described, it is possible to 
switch the receiving frequency of the antenna unit ac- 
cording to this embodiment by switching the pulse volt- 
age which is supplied from the input terminal 17. Thus, 
the antenna body 1 1 can be suitably applied to a system 
having differenttransmission and receiving frequencies. 
In this case, the antenna body 11 can be formed by an 
arbitrary antenna such as a well-known rod antenna or 
the inverted-F antenna. Thus, it is possible to readily 
provide a miniature antenna unit whose resonance fre- 
quency is switchable. 

[0038] A concrete structural example of this embodi- 
ment is now described with reference to Figs. 5 to 8. 
[0039] Fig. 5 is a perspective view showing a radiator 

21 which is employed for the antenna unit according to 
this embodiment. The radiator 21 is formed by bending 
a plate-type member consisting of a metal material such 
as copper or a copper alloy, as shown in Fig. 5. Alterna- 
tively, the radiator 21 may be made of another material, 
so far as the same has low conductor loss similarly to 
the aforementioned metal. 

• [0040] The radiator 21 is provided with a radiating part 

22 having a rectangular plane shape. A first fixed part 

23 is formed on one shorter side of the radiating part 22 
to extend toward a dielectric substrate as described lat- 
er. On another shorter side of the radiator 22, a second 
fixed part 24 is formed by bending. On a forward end of 
the first fixed part 23, a feed terminal 25 and a ground 
terminal 26 are integrally formed with the fixed part 23. 
On a forward end of the second fixed part 24, on the 
other hand, a capacitance connecting terminal 27 is in- 
tegrally formed with the fixed part 24. 

[0041] Further, stop members 28 and 29 as well as 
30 and 31 are provided on both sides of the fixed parts 



23 and 24, to be suspended shorter side edges of the 
radiating part 22 respectively. 

[0042] On the other hand, longer side edges of the 
radiating part 22 are bent to form reinforcing members 

5 32 and 33, in order to improve mechanical strength. 
[0043] Fig. 6 is a perspective view for illustrating a di- 
electric substrate 41 which is combined with the radiator 
21 and parts which are mounted on the dielectric sub- 
strate 41 . The dielectric substrate 41 is substantially in 

io the form of a rectangular parallelopiped, as shown in 
Fig. 6. This dielectric substrate 41 can be made of a 
proper dielectric material such as dielectric ceramics or 
synthetic resin. According to this embodiment, the die- 
lectric substrate 41 is prepared through a ceramics in- 

15 tegral firing technique. 

[0044] A ground electrode 42a and a terminal elec- 
trode 43 are formed on one longer side surface 41a of 
the dielectric substrate 41 . The terminal electrode 43 
corresponds to the aforementioned voltage input termi- 

20 nal 1 7. Another ground electrode 42b is formed on an- 
other side surface 41 b which is opposed to the side sur- 
face 41 a. 

[0045] Further, a ground electrode 45 is formed on 
one shorter side surface 41c of the dielectric substrate 
25 41 at a prescribed distance. A connecting electrode 46 
is formed on another shorter side surface 41 d of,the di- 
electric substrate 41 . 

[0046] A circuit pattern 47 is provided on the dielectric 
substrate 41 by forming a conductive film. Further, re- 

30 spective chip-type electronic components forming the 
diode Di and the resistances and R 2 shown in Fig. 
4 are mounted and electrically connected with each oth- 
er by the circuit pattern 47. Referring to Fig. 6, the chip- 
type electronic components forming the diode and 

35 the resistances R 1 and R2 are denoted by these sym- 
bols. 

[0047] Further, a capacitance deriving electrode 48 
for forming a capacitor is formed on an upper surface of 
the dielectric substrate 41 . The connecting electrode 46 
40 provided on the side surface 41 d is formed not to be 
electrically connected with the capacitance deriving 
electrode 48. As understood from a sectional view of 
Fig. 7showingthepoition provided with the capacitance 
deriving electrode 48, the capacitance deriving elec- 
ts trode 48 is formed not to be electrically connected with 
the connecting electrode 46 and not to reach edges of 
the dielectric substrate 41 . 

[0048] Another capacitance deriving electrode 49 is 
formed in an intermediate position of the interior of the 

so dielectric substrate 41 to overlap with the capacitance 
deriving electrode 48 through the dielectric substrate 
layer, while a ground electrode 50 is formed in a position 
lower than the capacitance deriving electrode 49. Fur- 
ther, the capacitance deriving electrode 49 is drawn out 

55 on the side surface 41 d, to be electrically connected with 
the aforementioned connecting electrode 46. On the 
other hand, the ground electrode 50 is so sized as to 
substantially reach the overall plane region of the die- 
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lectric substrate 41 in its lower portion, and lectrically 
connected to the ground electrod s 42a and 42b. 
[0049] As shown in Fig. 7, therefore, the capacitor C 2 
shown in Fig. 4 is formed by the capacitance deriving 
electrodes 48 and 49. Further, a capacitor which is 
formed by the capacitance derivi ng electrode 49 and the 
ground electrode 50 defines a part of the capacitance 
provided in the antenna body 11 in the embodiment 
shown in Fig. 4. 

[0050] In the antenna unit according to this embodi- 
ment, the radiator 21 is fixed to the dielectric substrate 
41 . In such fixation, the dielectric substrate 41 is inserted 
between the first and second fixed parts 23 and 24, so 
that the ground terminal 26 and the connecting terminal 
27 are soldered to the ground electrode 45 and the con- 
necting electrode 46 which are provided on the dielectric 
substrate 41 . Fig. 8 is a perspective view showing the 
appearance of the antenna unit 51 according to this em- 
bodiment obtained in the aforementioned manner. 
[0051 ] Slits 26a and 24a are formed in forward ends 
of the first and second fixed parts 23 and 24 of the radi- 
ator 21 shown in Fig. 5 respectively. These slits 24a and 
26a serve as solder paste injection parts. Namely, it is 
possible to insert a forward end of a dispenser for ap- 
plying solder paste from the slits 24a and 26a, so that 
the solder paste reliably adheres to the ground electrode 
45 and the connecting electrode 46 of the dielectric sub- 
strate 41 . When the fixed parts 23 and 24 are bonded 
to the dielectric substrate 41 , therefore, the solder paste 
is reliably spread in the spaces between the fixed parts 
23 and 24 and the side surfaces of the dielectric sub- 
strate 41 by heating, whereby it is possible to increase 
the bonding areas therebetween. 
[0052] The slits 24a and 26a may be replaced by 
through holes which can receive the forward end of the 
solder paste dispenser. 

[0053] As shown in Fig. 8, forward ends of the stop 
members 28, 29 and 31 are brought into contact with 
the upper surface of the dielectric substrate 41 , and a 
space layer X of a prescribed thickness is defined be- 
tween the radiating part 22 of the radiator 21 and the 
upper surface of the dielectric substrate 41 in the anten- 
na unit 51 according to this embodiment. 
[0054] Thus, the space layer X suppresses loss of ra- 
diated electric waves, thereby improving the gain of the 
antenna unit 51. 

[0055] As hereinabove described, the feed terminal 
25 serving as a feed part, the ground terminal 26 and 
the terminal electrode 43 for switching the capacitance 
of the capacitance means are formed on the side sur- 
faces of the structure obtained by fixing the radiator 32 
to the dielectric substrate 41 , whereby the antenna unit 
51 accordingto this embodiment can be surface-mount- 
ed on a printed circuit board through the bottom surface 
of the dielectric substrate 41 . 

[0056] In the miniature antenna unit 51 which can be 
surface-mounted on a printed circuit board, therefore, it 
is possible to switch its frequency band by applying a 



high- or low-level voltagef rom the terminal electrode 43. 
[0057] Fig. 9 shows reflection loss-frequency charac- 
teristics of the ant nna unit 51 . 
[0058] In the reflection loss-frequency characteristics 

5 shown in Fig. 9, r sonance points appear in a frequency 
position shown by arrow A, i. ., a position of 1.670 GHz, 
and a frequency position shown by broken arrow B, i.e., 
a position of 1 .770 GHz. The resonance points shown 
by arrows A and B appear upon applicatior of high- and 

10 low-level voltages from the terminal electrode 43 (the 
input terminal 1 7 in the circuit diagram shown in Fig. 4) 
respectively. The characteristics shown in Fig. 9 are at- 
tained when +3 V and -3 V are applied as high- and low- 
level voltages respectively with the resistance R 1 of 3.3 

is kO, the resistance of 47 kn, the capacitance of 
1 .0 pF, the capacitance of the capacitor C 2 of 0.5 pF, the 
electrostatic capacitance C x of the diode in an OFF 
state of 1 .02 pF, and the total of the inductances L., and 
La of 6.055 mH. 

20 [0059] As clearly understood from Fig. 9, the reso- 
nance frequency of this antenna unit 51 is 1 .670 GHz 
when a high-level voltage is applied from the terminal 
electrode 43, while the resonance frequency is switched 
to 1.770 GHz when a low-level voltage is applied from 

25 the terminal electrode 43. Therefore, this antenna unit 
51 can be suitably applied to a mobile communication 
device having a transmission frequency of 1.670 GHz 
and a receiving frequency of 1 .770 GHz. 
[0060] Fig. 1 0 is a circuit diagram showing an antenna 

30 unit according to a second embodiment of the present 
invention. In the second embodiment, not only a first ca- 
pacitor C 2 and a diode D-, but a second capacitor C 3 is 
connected between an antenna body 1 1 and the ground 
potential in parallel with the capacitance C, of the an- 

35 tenna body 1 1 . Namely, capacitance means is formed 
by the first capacitor C 2 , the diode D 1 and the second 
capacitor C 3 which are connected in series with each 
other. Further, a resistance R2 is connected between a 
node 61 between the first capacitor C 2 and the diode 

40 and a node 62 between the diode D n and the second 
capacitor C 3 in parallel with the diode D,, while a resist- 
ance R 1 is connected between the first node 61 and a 
pulse voltage supply terminal 63. Further, the second 
node 62 is connected to a second input terminal 64 for 

45 applying a pulse voltage. 

[0061] In the antenna unit according to the second 
embodiment, voltages which are different in polarity 
from each other are applied to the pulse voltage input 
terminals 63 and 64. These voltages are so selected that 

so the diode D 1 enters an ON state when a plus voltage is 
applied to the input terminal 63 and a minus voltage is 
applied to the input terminal 64. Thus, the diode D 1 en- 
ters an ON state when a plus voltage is applied to the 
input terminal 63 and a minus voltage is applied to the 

55 input terminal 64 as described above, whereby the ca- 
pacitance of the capacitance means is decided by those 
of the first and second capacitors C 2 and C 3 . 
[0062] In order to switch the resonance frequency of 
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the antenna unit to increase the sam , on the other 
hand, the voltages which applied to the input terminals 

63 and 64are inverted in polarity. Namely, a plus voltage 
and a minus voltage are applied to the input terminals 

64 and 63 respectively, thereby bringing the diode D 1 
into an OFF state. In this case, not only those of the first 
and second capacitors C 2 and C 3 but the capacitance 
of the diode D, in a nonconducting state is added to the 
capacitance of the capacitance means. Thus, it is pos- 
sible to switch the resonance frequency of the antenna 
unit by inverting the voltages applied from the input ter- 
minals 63 and 64 in polarity, similarly to the first embod- 
iment. 

[0063] While voltages of different polarity are inputted 
in the first and second input terminals 63 and 64 in the 
second embodiment having the first and second input 
terminals 63 and 64 as hereinabove described, such in- 
put voltages can suitably be formed by outputs of a con- 
trol unit controlling the antenna unit. 
[0064] In the second embodiment, the second capac- 
itor C 3 is adapted to separate the diode from the 
ground potential in application of the voltages of differ- 
ent polarity. 

[0065] While each of the antenna units according to 
the first and second embodiments of the present inven- 
tion has been described with reference to a structure of 
switching the resonance frequency of the antenna unit 
in two stages, the inventive antenna unit can also be 
formed so that its resonance frequency is switched in 
three or more stages. According to a third embodiment 
of the present invention shown in Fig. 11 , for example, 
a plurality of the capacitance means and a plurality of 
the resonance frequency switching circuits shown in the 
first embodiment are connected to an antenna body 11 , 
so that the resonance frequency can be switched in 
three or more stages. In the third embodiment shown in 
Fig. 1 1 , each capacitance means and each resonance 
frequency switching circuit are similarto those of thefirst 
embodiment, and hence portions identical to those of 
the first embodiment are denoted by the same reference 
numerals, to omit redundant description. 
[0066] When a plurality of capacitance means and a 
plurality of frequency switching circuits are connected 
to the antenna body 1 1 , it is possible to switch the ca- 
pacitances of the connected capacitance means in mul- 
tiple stages, as clearly understood from Fig. 11 . Thus, 
this antenna unit can be suitably applied to a communi- 
cation device having a number of receiving frequencies, 
such as channels of a television receiver. 



Claims 

1. An antenna unit comprising a radiator (11 , 21) hav- 
ing a feed part (14, 25), and a part (15, 26) being 
connected to ground potential, characterized by 

capacitance means ( 1 2) having a first capacitor 



12 

(C 2 ), and a variable capacitance element (D1), 
connected in series with each oth r in this order 
between said radiator (11 , 21) and said ground 
potential to be in parallel with an electrostatic 
5 capacitanc (C,) provided between said radia- 

tor (1 1 , 21 ) and said ground potential for adding 
a capacitance to said electrostatic capacitance; 
and 

- switching means (13; 1 6, 1 7, R,, Ff 2 ; 61 , 62, 63, 
10 64, R,, R 2 ) connected to said variable capaci- 

tance element (D1) for switching the value of 
said capacitance of said variable capacitance 
element (D1) for changing the resonance fre- 
quency of said antenna unit. 

15 

2. An antenna unit in accordance with claim 1 , wherein 
said element (D1) whose capacitance is changed 
is a diode, 

said switching means (13) being a voltage 
20 supply circuit for supplying a node (16) between 
said capacitor (C2) and said diode (D1) with a first 
or second voltage for bringing said diode (D2) into 
an ON or OFF state. 

25 3. An antenna unit in accordance with claim 2, wherein 
said capacitance means (12) has a second capac- 
itor (C3) being connected in series with said diode 
(D1), 

said switching means (13) being a voltage 
30 supply circuit for supplying a first node (6 1 ) between 
said first capacitor (C2) and said diode (D1 ) and a 
second node (62) between said diode (D1) and said 
second capacitor (C3) with voltages being different 
in polarity from each other, said voltage supply cir- 
35 cuit being formed to be capable of inverting said 
voltages being supplied to said first and second 
nodes (61, 62) in polarity. 

4. An antenna unit in accordance with claim 1 , wherein 
to a plurality of resonance frequency switching circuits 
consisting of said capacitance means (1 2) and said 
switching means (13) are connected between said 
radiator and said ground potential. 

4S 5. An antenna unit in accordance with claim 1, wherein 
an antenna body (11) comprises: 

a dielectric substrate (41) having upper, bottom 
and side surfaces, 

so a ground electrode (42b, 50) being formed on 

at least one of said side and bottom surfaces 
of said dielectric substrate (41 ), 
said radiator (21), consisting of a material hav- 
ing low conductor loss, being so fixed to said 

55 dielectric substrate (41 ) that its one major sur- 

face is opposed to said upper surface of said 
dielectric substrate (41), and 
said feed part (25) being provided on at least 
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one of side and bottom surfaces of a laminate 
b ing formed by said dielectric substrate (41) 
and said radiator (21). 

6. An antenna unit in accordance with claim 5, wherein 
said radiator (21) comprises a radiating part (22) 
having a rectangular plane shape and at least one 
fixed part (23, 24) extending from at least one side 
edge of said radiating part (22) toward said dielec- 
tric substrate (41), 

said at least one fixed part (23, 24) being fixed 
to said side surface of said dielectric substrate (41 ), 
thereby fixing said radiator (21) to said dielectric 
substrate (41). 

7. An antenna unit in accordance with claim 6, wherein 
one major surface of said radiating part (22) of said 
radiator (21) is opposed to said upper surface of 
said dielectric substrate (41) through a space layer 
(x) of a prescribed thickness. 

8. An antenna unit in accordance with claim 7, further 
comprising circuit elements being provided in said 
dielectric substrate (41) and on said upper surface 
of said dielectric substrate (41) for forming said ca- 
pacitance means (12) and said switching means 
(13). 

9. An antenna unit in accordance with claim 5, wherein 
said capacitor (C2) is formed in said dielectric sub- 
strate (41). 



Patentanspriiche 

1 . Antennenei nheit, die einen Strahler (1 1,21) umfaRt, 
der einen Speiseabschnitt (14, 25) und einen mit 
Massepotential verbundenen Abschnitt (15, 26) be- 
sitzt, gekennzeichnet durch 

Kapazitatsmittel (12) mit einem ersten Konden- 
sator (C 2 ) und einem Element (D,) mit variabler 
Kapazitat, die in dieser Reihenfolge zwischen 
dem Strahler (11 , 21 ) und dem Massepotential 
zueinander in Reihe geschaltet und zu einem 
zwischen dem Strahler (11. 21) und dem 
Massepotential vorgesehenen elektrostati- 
schen Kondensator (C.,) parallelgeschaltet 
sind, urn zum elektrostatischen Kondensator 
eine Kapazitat hinzuzufiigen; und 
- Schaltmittel (13; 16, 17, R 1 , R 2 ; 61, 62, 63, 64, 
R, , R 2 ), die mit dem Element (D,) mit variabler 
Kapazitat verbunden sind, urn den Wert der Ka- 
pazitat des Elements (D,) mit variabler Kapa- 
zitat umzuschalten, urn die Resonanzfrequenz 
der Antenneneinheit zu andern. 

2. Antenneneinheit nach Anspruch 1 , wobei das Ele- 



ment (D t ), dessen Kapazitat geandertwird, eine Di- 
ode ist, 

die Schaltmittel (13) eine Spannungsversor- 
gungsschaltung zum Versorgen eines Knotens (16) 
5 zwischen dem Kondensator (C 2 ) und der Diode (D.,) 

mit einer ersten oder einer zweiten Spannung, urn 
die Diode (D2) in den DURCHLASS- oder in den 
SPERR-Zustand zu versetzen. 

10 3. Antenneneinheit nach Anspruch 2, wobei die Kapa- 
zitatsmittel (1 2) einen zweiten Kondensator (C 3 ) be- 
sitzen, der mit der Diode (D.,) in Reihe geschaltet 
ist, 

wobei die Schaltmittel (13) eine Spannungs- 
15 versorgungsschaltung zum Versorgen eines ersten 
Knotens (61) zwischen dem ersten Kondensator 
(C 2 ) und der Diode (D-,) und eines zweiten Knotens 
(62) zwischen der Diode (D.,) und dem zweiten Kon- 
densator (C 3 ) mit Spannungen, die unterschiedli- 
20 che Polaritatbesitzen, wobei die Spannungsversor- 
gungsschaltung so beschaffen ist, da(3 sie die Po- 
laritat der an den ersten und an den zweiten Knoten 
(61, 62) gelieferten Spannungen invertieren kann. 

25 4. Antenneneinheit nach Anspruch 1 , wobei zwischen 
den Strahler und Massepotential mehrere Reso- 
nanzfrequenz-Umschaltschaltungen, die aus den 
Kapazitatsmittel n (12) und den Schaltmitteln (13) 
bestehen, geschaltet sind. 

30 

5. Antenneneinheit nach Anspruch 1 , wobei ein An- 
tennenk6rper (11) umfaBt: 

ein dielektrisches Substrat (41) mit oberen, un- 
35 teren und seitlichen Oberflachen, 

eine Masseelektrode (42b, 50), die auf wenig- 
stens einer der Seitenflachen und/oder der un- 
teren Flache des dielektrischen Substrats (41) 
gebildet ist, 

40 wobei der Strahler (21 ) aus einem Material be- 

steht, das einen niedrigen Leitungsverlust be- 
sitzt, und an dem dielektrischen Substrat (41) 
in der Weise befestigt ist. daBseine eine Haupt- 
flache der oberen Flache des dielektrischen 

45 Substrats (41) gegenuberliegt, und 

der Speiseabschnitt (25) auf wenigstens einer 
der Seitenflachen und/oder der unteren Flache 
eines Laminats vorgesehen ist, das durch das 
dielektrische Substrat (41) und den Strahler 

so (21) gebildet ist. 

6. Antenneneinheit nach Anspruch 5, wobei der Strah- 
ler (21) einen Strahlungsabschnitt (22) mit einer 
rechtwinkligen, ebenen Form und wenigstens einen 

55 festen Abschnitt (23, 24), der sich von wenigstens 
einer Seitenkante des Strahlungsabschnitts (22) 
zum dielektrischen Substrat (41 ) erstreckt, umfaBt, 
wobei der wenigstens eine feste Abschnitt 
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(23, 24) an derSeitenflache des dielektrischen Sub- 
strats (41) b festigt ist, wodurch der Strahler (21) 
am diel ktrischen Substrat (41) befestigt Ist. 

7. Antenneneinheit nach Anspruch 6, wobei eine 
Hauptflach des Strahlungsabschnitts (22) des 
Strahlers (21) deroberen Flache des dielektrischen 
Substrats (41) uber elne Abstandsschicht (X) mit 
vorgeschriebener Dicke gegen-iiberliegt. 

8. Antenneneinheit nach Anspruch 7, diefemerSchal- 
tungselemente umfaBt, die im dielektrischen Sub- 
strat (41) und auf der oberen Flache des dielektri- 
schen Substrats (41) vorgesehen sind, um die Ka- 
pazitatsmittel (12) und die Schaltmittel (13) zu Wi- 
den. 

9. Antenneneinheit nach Anspruch 5, wobei der Kon- 
densator (C 2 ) im dielektrischen Substrat (41 ) gebil- 
det ist. 



Revendicatlons 

1 . Dispositif d'antenne comprenant un element rayon- 
nant (11, 21) possedant une partie d'alimentation 
(14, 25), et une partie (15, 26) connectee au poten- 
tiel de masse, caracterise par 

des moyens capacitifs (1 2) possedant un pre- 
mier condensateur (C 2 ) et un element capacitif 
variable (D 1 ), montes en serie mutuellement 
dans cet ordre entre ledit element rayonnant 
(11 , 21) et ledit potentiel de masse pouretre en 
parallele avec une capacite electrostatique 
(C.,) prevue entre ledit element rayonnant (11 , 
21 ) et ledit potentiel de masse pourajouter une 
capacite a ladite capacite electrostatique ; et 
- des moyens de commutation (13 ; 16, 17, R.,, 
Rg ; 61 , 62, 63, 64, R.,, Rg) connectes audit ele- 
ment capacitif variable (D,) pour commuter la 
valeur de ladite capacite dudit element capacitif 
variable (D-,) pour modifier la frequence de re- 
sonance dudit dispositif d'antenne. 

2. Dispositif d'antenne selon la revendication 1 , dans 
lequel ledit element (D 1 ) dont la capacite est modi- 
fiee est une diode, 

lesdits moyens de commutation (13) etant un 
circuit d'alimentation en tension pour alimenter un 
noeud (16) entre ledit condensateur (C 2 ) et ladite 
diode (D 1 ) avec une premiere ou seconde tension 
pour amener la diode (D 1 ) dans un etat conducteur 
ou non conducteur. 

3. Dispositif d'antenne selon la revendication 2, dans 
lequel lesdits moyens capacitifs (12) possedent un 
second condensateur (C 3 ) monte en serie avec la- 



dite diode (D,), 

lesdits moyens de commutation (13) etant un 
circuit d'alimentation en tension pour alimenter un 
premier noeud (61) entre ledit premier condensa- 

5 teur (C 2 ) et ladite diode (D-,) et un second noeud 
(62) entre ladite diode (D.,) et ledit second conden- 
sateur (C 3 ) avec des tension de polarites mutuelle- 
ment differentes, ledit circuit d'alimentation en ten- 
sion etant forme afin de pouvoir inverser la polarite 

10 desdites tensions appliquees auxdits premier etse- 
cond noeuds (61 , 62). 

4. Dispositif d'antenne selon la revendication 1 , dans 
lequel une pluralite de circuits de commutation de 
'5 frequence de resonance constitues desdits moyens 
capacitifs (12) et desdits moyens de commutation 
(13) sont montes entre ledit element rayonnant et 
ledit potentiel de masse. 

20 5. Dispositif d'antenne selon la revendication 1 , dans 
lequel un corps d'antenne (11) comporte : 

un substrat dielectrique (41 ) ayant des surfaces 
superieure, inferieure et laterales, 

25 une electrode de masse (42„ ,50) formee sur 

au moins I'une desdites laterales et inferieure 
dudit substrat dielectrique (41), 
ledit element rayonnant (21), constitue d'un 
materiau a faibles pertes de conduction, etant 

30 fixe audit substrat dielectrique (41 ) de sorte que 

sa surface principale soit opposee a ladite sur- 
face superieure dudit substrat dielectrique (41 ), 
et 

ladite partie d'alimentation (25) etant prevue 
35 sur au moins I'une des surfaces laterales et in- 

ferieure d'un stratifie forme par ledit substrat 
^ dielectrique (41) et ledit element rayonnant 
(21). 

40 6. Dispositif d'antenne selon la revendication 5, dans 
lequel ledit element rayonnant (21) comporte une 
partie rayonnante (22) de forme plane rectangulaire 
et au moins une partie fixe (23, 24) s'etendant de- 
puis au moins un bord lateral de ladite partie rayon- 

45 nante (22) vers ledit substrat dielectrique (41 ), 

ladite au moins une partie fixe (23, 24) etant 
fixee a ladite surface laterale dudit substrat (41), 
fixant ainsi ledit element rayonnant (21 ) audit subs- 
trat dielectrique (41). 

50 

7. Dispositif d'antenne selon la revendication 6, dans 
lequel une surface principale de ladite partie rayon- 
nante (22) dudit element rayonnant (21) est oppo- 
see a ladite surface superieure dudit substrat die- 

55 lectrique (41) avec interposition d'une couche 
d'ecartement (X) d'epaisseur prescrite. 

8. Dispositif d'antenne selon la revendication 7, com- 
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prenant en outre des elements de circuit prevus 
dans ledit substrat dielectriqu (41 ) et sur ladite sur- 
face superieure dudit substrat dielectriq ue (41 ) pour 
former lesdits moyens capacitifs (12) et lesdits 
moyens de commutation (13). 

Dispositif d'antenne selon la revendication 5, dans 
lequel ledit condensateur (C 2 ) est forme dans ledit 
substrat dielectrique (41). 
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